. The selected cultures were rinsed with calciumand magnesium-free Hanks's balanced salt solution, and the cells suspended by incubation and agitation in trypsin 0 25 per cent. in phosphate-saline buffer at 370 C.
When taken into suspension by trypsin or maintained in suspension by agitation, synovial cells retract the cytoplasmic processes characteristic of their growth on surfaces and adopt a rounded form. These processes spread again when the cells are allowed to settle and attach once more to a surface in a suitable medium. This behaviour of cells in culture is well known, and has been designated alternatively as flattening, stretching, or spreading. It forms a distinct phase in the propagation of cells by serial passage. Our interest in cytoplasmic spreading was aroused by the observation (Fraser and Catt, unpublished) that toxic influences could be recognized by their inhibition of the phenomenon. A deliberate study was therefore undertaken, partly to develop a quantitative method for assessing cytotoxic agents and also to determine optimal conditions for maintenance of synovial cell cultures Methods Stock cultures of synovial cells were isolated and propagated as previously reported (Fraser and McCall, 1965) . The selected cultures were rinsed with calciumand magnesium-free Hanks's balanced salt solution, and the cells suspended by incubation and agitation in trypsin 0 25 per cent. in phosphate-saline buffer at 370 C.
This was done as quickly and gently as possible, but dispersal was verified by microscopic examination. The cell density of an aliquot of the trypsin suspension was determined in a Coulter electronic cell counter, and a volume of suspension sufficient to give a final cell density of 40,000 to 50,000 cells per ml. was spun down at 1,000 r.p.m. The cells were resuspended in Medium 199 containing 3 per cent. heat-inactivated human serum, which was included to maintain dispersion of the cells. This suspension was divided into parts of 4 ml. each. To each of these was added 4 ml. serum diluted in Medium 199 to give the desired final concentration. Each preparation was gently mixed and inoculated into two polystyrene dishes with recessed covers* (Cooper, 1961) . 3*8 ml. neatly formed a meniscus between the dish and cover. The dishes were incubated in a humidified atmosphere of 5 per cent. carbon dioxide in air at 370 C. At intervals of 5, 24, and 48 hours, 400 cells were examined in each preparation by negative high phase contrast, and the proportion of cells showing cytoplasmic spreading was recorded. Fields were selected randomly and the coded dishes identified at the end of the experiment. Human serum was prepared aseptically from volunteers, strictly fasted overnight and not taking drugs. Canine serum was similarly prepared. Visible lipaemia or haemolysis was avoided. Other serum and media were supplied by the Commonwealth Serum Laboratories. All serum was heated at 56°C. for 30 minutes before the experiments.
Results

Human Serum
The degree of spreading in human serum depended strikingly on the concentration. (Fisher and Yates, 1953 
Heterologous Serum
Bovine and human sera were studied together in concentrations of 5 and 20 per cent. (Table III) . To compare two treatment totals, significant differences at 5 per cent. level = 75 7, and at 1 per cent. level = 96 -6 * Derived from analysis of variance after angular transformation (Fisher and Yates, 1953 (Table IV) . The remarkable persistence of this potency in low dilutions is further illustrated in Table V. Studies of canine serum were limited by difficulties in preparing sterile serum from fasting animals. Of the two studies, one showed a low level of spreading in both titres, but in neither study was there any loss of activity in the lower concentration (Table VI, overleaf) . Discussion Method of Study.-The method described here was gradually devised from our earlier observations. Certain points need special emphasis. The significant variation between experiments was anticipated from empirical experience of culture maintenance. Some of this variation was no doubt due to the samples of serum. However, the cell strain, previous cultural history, and cell preparation were also (Fisher and Yates, 1953) . Mills (1961) , in the study of cells from marrow, kidney, thymus, liver, and spleen, found that plating efficiency was constant over a wide range of inoculum density. However, the proportion of cells which formed clones was extremely low, and evidence was cited to suggest that the surviving cells were antigenically related to connective tissue. The highly-specialized cells of these organs clearly did not survive culture, in contrast with our experience of synovial intima. Moreover, cells do not always establish with maximum efficiency in low density (Pace and Aftonomos, 1957; Puck, Cieciura, and Fisher, 1957) . Fisher, Puck, and Sato (1958) measured cell attachment "by microscopic counting cn the glass surface either of viable cells or fixed and stained preparations", each dish being inoculated with a known number of cells. Weiss (1959) (1960) has used elegant means of applying shearing stresses to assess attachment of cells. However, these methods destroy the preparation after one measurement. In the present study, the use of Cooper dishes allowed serial observations of each culture, with excellent optical conditions. Moreover, spreading was measured as a proportion, which avoided the necessity for absolute cell counts with the attendant sources of error. Rounded but unattached cells which would be lost in stained preparations would settle on the culture surface and could also be counted.
Significance of Spreading.-The phenomenon of cell spreading is undoubtedly complex. In the case of synovial cells, attachment to a surface is an essential first step. Though we have been able to keep such cells viable in suspension for many days, they have always remained rounded until allowed to settle in a stationary culture. Cell attachment and spreading seem to involve two distinct phenomena. The early phase has been extensively studied by Taylor (1961) Table IV ). The later observations in our studies proved to be a more significant index of the sustained spreading of viable cells. Nevertheless, this stage also involves a number of factors. 24-hour readings in the "lag" phase before multiplication presumably provide the best estimate of spreading alone. In the later stages, dissolution of dead cells and clumping of damaged cells in unfavourable media would also tend to increase the apparent proportion of spread cells. Nevertheless, these changes are usually slow enough to allow recognition of cells in a discrete rounded state when undergoing regression (see Table I ). After 24 hours, cell multiplication in favourable media may increase the apparent degree of spreading. However, there is strong evidence that adhesion to surfaces and to other cells depends on metabolic activity as well as the passive physicochemical role of the medium (Moscona, 1961) . The system therefore seems appropriate for the quantitative study of cytotoxic effects, provided that the cells are not rapidly destroyed.
Effects of Heat-inactivated Serum.-In sustained synovial cell culture, we have sought to achieve two main objects; first, to maintain a cell strain with excess for experiment, and secondly to minimize changes in the nature of the cell population. A high degree of cell attachment and spreading after subculture is important for both purposes. As serum appears to be one of the main factors influencing attachment and spreading, the present studies were undertaken as it was not felt justified to apply results from other studies. Many of these have concerned the "permanent" established lines longadapted in vitro rather than recently isolated strains. Furthermore, "fibroblastic" cells from different organs may differ in their cultural behaviour (Puck and others, 1957) . Nevertheless, the effects of sera reported here agree generally with other studies. The three types of heterologous sera showed a high degree of heat-stable spreading activity sustained in dilutions of 10 per cent. and less, and foetal calf serum was remarkably effective in very low dilutions. The overall benefit of foetal calf serum in the culture of euploid cells has been noted by Puck, Cieciura, and Robinson (1958) , and its specific effect on the spreading of HeLa cells by Fisher and others (1958) . The latter group of authors related its spreading activity to an aglobulin identical with fetuin which comprises 40 per cent. of foetal calf serum. On the other hand, Weiss (1959) In routine culture, cell dispersal does not need to be as vigorous, and complete spreading is more closely approached but the tendency to regression of cell spreading which we have noted in lower titres of human serum would impair the efficient maintenance of the numbers and nature of a cell strain. Summary A method is described for measuring the rate of cytoplasmic spreading of synovial cells on attachment to culture vessels after dispersal by trypsin. The effect of heat-inactivated serum on the spreading of human synovial cells is described. The spreading activity of certain heterologous sera (bovine, foetal calf, and canine) is maintained at a high level in concentrations of 10 per cent. and less. The spreading activity of human serum is relatively low in concentrations of 5-10 per cent. and maximal only at much higher concentrations. These findings are relevant to the successful maintenance of synovial cell strains and the design of experiments. Weiss, L. (1959 ). Ibid., 17,499. -(1960 . Int. Rev. Cytol., 9, 187. Zaroff, L., Sato, G., and Mills, S. E. (1961) . Exp. Cell
Res., 23, 565.
Expansion cytoplasmique des celiules synoviales humaines en culture 1. Notes sur un proc&df exp&rimental et sur les effets du serum inactiv6 par la chaleur RIESUME On decrit un procede pour mesurer la vitesse de l'expansion cytoplasmique des cellules synoviales en culture, apres dispersion par la trypsine. On decrit l'effet du s6rum inactive par la chaleur sur 1'expansion des cellules synoviales humaines. Le pouvoir de certains serums heterologues (bovin, foetal du veau et canin) de favoriser l'expansion est bien maintenu en concentrations de dix pour cent et meme moins. A cet egard le serum humain est plus faible aux concentrations de 5 aI 10 pour cent et n'atteint son pouvoir maximum qu'A des taux beaucoup plus eleves. Ces resultats sont importants pour le maintien des souches des cellules synoviales et pour preparer des projets d'experiences.
Expansi6n citoplAsmica de las celulas sinoviales humanas de cultivo I. Notas sobre el mitodo experimental y sobre los efectos del suero inactivado por el calor SUMARIO Se describe un metodo para medir la velocidad de la expansi6n citoplasmica de las celulas sinoviales de cultivo despues de la dispersi6n por la tripsina. Se decribe el efecto del suero inactivado por el calor sobre la expansion de las celulas sinoviales humanas. El poder de ciertos sueros heterologos (bovino, ternero fetal y canino) de favorecer la expansion se mantiene bien en concentraciones de 10 por ciento y de menos. En este respecto el suero humano es menos fuerte en concentraciones de 5 a 10 por ciento y alcanza su mayor poder en concentraciones mucho mAs altas. Estos resultados importan mucho para cultivar cepas de celulas sinoviales y para preparar proyectos de experimentos.
